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© Use of viruses against undesirable micro-organisms. 

© There is provided a composition for hygiene 
purposes to combat undesirable micro-organisms, 
comprising, in a compatible medium which contains 
at least an organic surface-active agent, an effective 
amount of one or more viruses which are capable of 
lysing one or more of the undesirable micro-or- 
ganisms. Preferably, bacteriophages are used to 
combat undesirable bacteria. The compositions can 
for instance be used as hard surface cleaners 
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USE OF VIRUSES AGAINST UNDESIRABLE MICRO-ORGANISMS 



The present invention pertains to the use of 
viruses against undesirable micro-organisms, more 
in particular, hygienically undesirable micro-organ- 
isms. Moreover, it relates to a composition for 
hygiene purposes to combat hygienicaily undesira- 
ble micro-organisms. 

Micro-organisms are simple, uni-cellular micro- 
scopic forms of life. Examples of micro-organisms 
are bacteria, yeasts, moulds and fungi. They occur 
in a large number of varieties, some of which are 
pathogenic and may cause disease in animals and 
humans. In the presence of sufficient amounts of 
nutrients and under the right conditions, micro- 
organisms may grow and multiply at a rapid rate. 
This is not only undesirable from a hygienic point 
of view, as it may lead to infections, but also 
because of accompanying phenomena such as the 
formation of odour, inorganic scales or other unwel- 
come deposits. 

There are various places where undesirable 
growth of micro-organisms may occur. For exam- 
ple, bacteria may multiply on teeth to form plaque 
in the human or animal mouth which may cause 
tooth decay or other disease. Another example is 
the toilet bowl where faecal bacteria, such as E. 
coli may multiply so creating off-odours and ~a 
potential hazard to health. Yet another example is 
the human skin where infection by P. acnes causes 
unsightly skin lesions, usually referred to as acne. 

Various methods are available to kill micro- 
organisms or to control their growth. For instance, 
it is known to disinfect toilet bowls by means of 
liquid products containing one or more sanitizing 
agents, such as hypochlorite. Such products often 
contain surfactants to effect wetting and cleaning. 
Another example is skin-cleansing products such 
as soaps which may contain bactericidal com- 
pounds. A disadvantage of such systems, particu- 
larly those for cleaning the skin, resides in the fact 
that they may provide an "overkill" by destroying 
unnecessarily all microbiological life. Other exam- 
ples are liquid w.c. sanitizing products, whereby 
most of the chemical used for sanitizing is directly 
transported from the bowl to the sewage system 
upon subsequent flushing. Therefore, larger 
amounts of sanitizer are used than strictly neces- 
sary for sanitizing the toilet bowl. This is not only 
uneconomical, but environmental problems may 
also result. 

It is also known to combat pathogenic bacteria 
by means of specific chemical substances in the 
form of pharmaceutical compositions. For some 
bacteria, however, no suitable chemical compounds 
are known. Furthermore, most bacteria tend to de- 
velop some form of resistance against compounds 



to which they are continuously exposed, such that 
higher and higher dosages are required to obtain 
any bactericidal effect. 

In the area of dental care it is known to remove 

s plaque by means of toothpastes comprising small 
amounts of bactericidal agents such as chlorohex- 
idine. Such toothpastes have the disadvantage that 
they provide a broad spectrum of antimicrobial 
activity, and by generally reducing the numbers of 

io oral bacteria so-called opportunistic infections of 
resistant bacteria or yeasts may be actually pro- 
moted. 

It is an object of the present invention to pro- 
vide a bactericidal composition to prevent or con- 

75 trol the growth of hygienically undesirable micro- 
organisms, particularly bacteria, by means of which 
the above-mentioned problems may be avoided. 

We have now surprisingly found that it is possi- 
ble to use viruses to prevent or control the growth 

20 of hygienically undesirable micro-organisms. More 
in particular, we found that it is possible to use 
bacteriophages to prevent or control the growth of 
hygienically undesirable bacteria. 

Bacteriophages are viruses which are depen- 

25 dent on bacteria as host cells for their propagation. 
To that end they infect a bacterial cell and induce it 
to produce large numbers of copies of the infecting 
phage. When the production of the phages is com- 
plete, the bacterial cell bursts open (lysis) and the 

30 new phages are set free. The bacterium is thereby 
destroyed. 

Therefore, according to a first aspect of the 
present invention, there is provided a composition 
for hygiene purposes to combat undesirable micro- 

35 organisms, comprising, in a compatible medium 
which contains at least an organic surface-active 
agent, preferably a nonionic surfactant, an effective 
amount of one or more viruses which are capable 
of lysing one or more of the undesirable micro- 

40 organisms. 

Preferably, there is provided a bactericidal 
composition comprising an effective amount of one 
or more bacteriophages which are capable of lys- 
ing one or more of the undesirable bacteria. 

45 Many different types of bacteriophages have 
been isolated and described in the literature. They 
range from relatively simple phages, for example 
fd, which contains one single stranded DNA mol- 
ecule, to very complex nucleic acid-protein assem- 

50 blies like the T-even phages. Some phages may be 
have a narrow host range, i.e. they may be capable 
of lysing a specific type of bacterium only. Other 
phages may be capable of "infecting and lysing 
various types of bacteria. Both types of bac- 
teriophages may be used in the present invention, 
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depending on the specific application. 

The composition of the present invention re- 
quires a compatible medium in which the bac- 
teriophage can be stored for some time without 
losing its infectivity. The medium further contains a 5 
small amount of at least one surface-active agent. 
The nature of the surface-active agent will depend 
on the specific application and may be a nonionic, 
cationic, anionic, amphoteric or zwitterionic surfac- 
tant The pH of the medium will generally be from 10 
5 to 9, though compositions having a higher or 
lower pH are possible, and is preferably buffered. 
The ionic strength of the medium should be suffi- 
ciently high to prevent dissociation of the bac- 
teriophage into its constituents. Dissociation and or 15 
denaturation may also occur at high ionic strength 
and so extremes must be avoided. 

According to a second aspect of the invention, 
there is provided an aqueous bactericidal composi- 
tion for use as hard surface cleaner, such as used 20 
for toilet bowls. This composition comprises 0.001 
to 15.0%, preferably 0.01 to 5.0% by weight and 
most preferably 0.1 to 3.0% by weight of a non- 
ionic surfactant. An important function of the sur- 
factant is that it helps to wet the surface, so that 25 
the composition is properly distributed over the 
entire surface. Another function is of course that 
the surfactant helps to solubilise and remove dirt 
so that bacterial become accessible. Suitable non- 
ionic surfactants are for instance Tween 80, 20, 81 30 
and Dobanols such as Dobanol 23-6.5. 

The composition further comprises 0.01 by 
2.0% by weight of a neutral salt, and at least 10 2 , 
preferably more than 10 3 Particles/ml of a bac- 
teriophage capable of infecting household bacteria, 35 
such as E. coli. For the purpose of this invention, 
household" bicteria are defined as the bacteria 
which occur in the household, in particular faecal 
bacteria. As the neutral salt one may advanta- 
geously use 0.1 to 1.0% by weight of sodium 40 
chloride. 

It is especially preferred if the composition also 
comprises a small amount of a thickening agent 
such as 250 Natrosol HHBR, a modified cellulose 
polymer ex Hercules. 45 

It was surprisingly found that despite the pres- 
ence of a surface-active compound, the bac- 
teriophages have an excellent storage stability in 
the above compositions, i.e. they retain their ca- 
pacity to infect their host micro-organism for as 50 
long as two months at room temperature. Espe- 
cially nonionic surface-active compounds appeared 
to be compatible with the bacteriophages. 

According to a third aspect of the invention, 
there is provided a bactericidal composition in the 65 
form of a cream or a lotion, comprising 5 - 50 % 
by weight of an oil, 0.5- 20 % by weight of an 
emulsifier, and 30 - 90 % by weight of water and 
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more than 10 2 particles per g of a bacteriophage 
capable of lysing Propionibacterium acnes , which 
is known to cause acne. This composition can thus 
be used to treat acne by controlling the growth of 
the organism that causes it. 

Alternatively, the bactericidal composition may 
be directed against odour producing skin bacteria. 
To that end it comprises a bacteriophage which is 
capable of lysing such bacteria. The composition 
may also be directed against P. ovale and/or other 
scalp micro-organisms, in which case it comprises 
a bacteriophage capable of lysing such micro-or- 
ganisms. 

According to a fourth aspect of the invention, 
there is provided a bactericidal composition in the 
form of a toothpaste or mouth was composition. 
This composition comprises an abrasive substance 
such as silica, a binder and more than 10 2 , prefer- 
ably much more than 10 3 particles per g of a 
bacteriophage capable of lysing one or more of the 
types of bacteria involved in caries or gum disease. 
Examples of such micro-organisms are S. mutans, 
Bacteroides gingivals and Haemophilus ac- 
tinomycetemcomitans . 

The compositions according to the invention 
may include phage-compatible perfumes, flavours, 
solvents, dyes, pigments, preservatives, bacteri- 
cides, absorbents, fillers, and other additives which 
are commonly used for a specific application. 

Methods of isolating bacteriophages are known 
in the art, see for instance Billing, E„ (1969), Meth- 
ods in Microbiology, Vol. 3b, Ed. J.R. Norris and 
D.W. Ribbons, Acad. Press, p. 315-329. Phages 
can usually be isolated from cultures of the bac- 
teria to which they are specific. For instance, bac- 
teriophages against enteric bacteria can be isolated 
from sewage using the enrichment method de- 
scribed by M.H. Adams in Bacteriophages, Inter- 
science, New York (1959). 

Phages against oral bacterial are isolated from 
plaque and saliva, enrichment techniques are found 
to be less suitable here. Phages against P. acnes 
can be isolated from infected skin lesions. 

Although crude extracts may be used for some 
applications, it is often desirable to apply the 
phages in purified form. To that end the phages 
are separated from the bacterial cell debris, in 
particular from catabolic enzymes. Separation may 
be effected by known methods such as filtration, 
centrifugation or chromatography. 

The invention will now be illustrated by means 
of the following examples. 



EXAMPLES 1-7: Faecal Bacteriophages 



1 . Isolation 
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Fresh sewage was filtered through a 0.2 urn 
filter to remove bacteria. 0.5 ml of the filtered 
sewage was spread onto a plate previously seeded 
with one of the following faecal organisms identified 
as E. coii , Proteus mirabilis , Vibrio flurvalis , 
Citrobacter freundii , Enterobacter agglomerans , E, 
vulneris or Pseudomonas fluorescens . The plate 
was then dried and incubated overnight at 28°C. 
After incubation several individual plaques could be 
seen on the bacterial overlay. These were removed 
from the agar and inoculated into broth cultures of 
the sewage organism to produce large quantities of 
phage specific for this micro-organism, as de- 
scribed below. 

Sometimes it was necessary to add an extra 
enrichment step to the procedure. In that case, 2 
ml of filtered sewage in 10 ml broth were inocu- 
lated with 1 ml of a pure culture of bacteria. The 
culture the incubated overnight at 28°C. The en- 
riched culture was centrifuged at 4,500 rprn for 15 
minutes and the supernatant was filtered through a 
0.2 urn filter and spread on seeded plates as 
before. These were removed from the agar and 
inoculated into broth cultures of the appropriate 
bacterium to produce large quantities of phage 
specific for this micro-organism. 



2. Growth and Purification 

individual plaques were removed from the agar 
plates and inoculated into broths seeded with E. 
coli , Proteus mirabilis , Vibrio flurvalis , Citrobacter 
freundii , Enterobacter agglomerans , E. vulneris or 
Pseudomonas fluorescens . The broths were in- 
cubated at 37°C until complete lysis occurred. The 
phage titre was estimated using the standard seed- 
ed plate method. If the titre was less than 10 s /ml, 
the phage was used again to re-inoculate more 
seeded broths and the procedure was repeated 
until a titre of more than 10 10 /ml was obtained. 

The cultures were treated with chloroform at a 
concentration of 10 ml per 500 ml broth, to release 
any remaining phage. Then the phages were puri- 
fied using the method of Sambrook (Sambrook, J., 
Fritsch, EF. and Maniatis, T. Molecular Cloning, a 
laboratory manual, 2nd Edition, Cold Spring Harbor 
Laboratory Press). After the cesium chloride den- 
sity gradient centrifugation, the band containing the 
bacteriophage was stored at 4°C. 

The purity of the bacteriophage was checked 
by extracting the DNA (Sambrook, p. 2.80) and 
demonstrating single bands on agarose gel elec- 
trophoresis (Sambrook, p. 6.8 to 6.13). The purity 
was also checked by electron microscopy. After 
removing the cesium chloride by dialysis, a small 
sample of phage preparation was dropped onto a 
carbon coated hydrophilic grid. After air drying, the 



phage particles were either positivefy stained with 
2% (w/v) uranyl acetate or negatively stained with 
2% (w/v) methylamine tungstate. After drying, the 
grids were observed using a transmission electron 

5 microscope. 

Following the above procedure, bacteriophages 
against E. coli , Proteus mirabilis, Vibrio flurvalis, 
Citrobacter "freundii, Enterobacter agglomerans, E. 
vulneris and Pseudomonas fluorescens were iso- 

io lated and grown in bulk. ~ 

The bacteriophages against E. coli and E. vul- 
neris were similar in morphology To" the f^even 
phages. However, many other morphologies were 
observed, e.g. the phage against Enterobacter ag- 

75 glomerans had a round head and a very large 
collar. 

An aqueous composition was prepared contain- 
ing 1 0 3 particles of a bacteriophage against E. coli , 
1% Tween 80 and 0.01% sodium chloride. "The 

20 composition was stored for two months at room 
temperature and it was found that the infectivity 
was essentially unchanged. 

The above composition was brought into con- 
tact with a ceramic tile, coated with a layer of E. 

25 coli cells. After treatment with the composition corf 
taining phage the E. coli on the tile was signifi- 
cantly reduced, the composition without phage did 
not have this effect. 

30 

EXAMPLES 8-10: Oral Bacteriophages 

Fresh, stimulated human saliva was centrifuged 
at 10,000 rprn in a Sorvall RC-5 centrifuge for 5 

35 minutes to remove debris. The supernatant was 
collected and 10 ml of chloroform was added per 
500 ml supernatant. The mixture was incubated for 
one hour at 37° C with gentle shaking, to lyse any 
remaining bacteria. 0.1 ml of the treated saliva was 

40 mixed with 2 ml of molten BHI agar (45°C) and 0.1 
ml of a culture of an oral organisms identified as 
Streptococcus mutans , Actinomyces viscosus and 
Streptococcus sanguis , respectively, taken from a 
human volunteer. The mixtures were overlayed 

45 onto a blood agar plate and incubated for 3 days at 
37°C under suitable conditions for the growth of the 
organism, e.g. 20% CO2 for S. mutans . After 
incubation, several plaques could be seen on the 
agar overlay. 

50 Following the above procedure, bacteriophages 
against S. mutans , A. viscosus and S. sanguis 
were isolated and grown in bulk. 



55 EXAMPLE 11: Skin Bacteriophages 

Following a procedure analogous to the proce- 
dure of the above examples, a bacteriophage was 
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isolated from human skin against the micro-or- 
ganism Staphylococcus epidermis . It was found 
by electron-microscopy that it had a polyhedral 
head, no collar and a very long flexible tail 

5 

Claims 

1 . Use of viruses to prevent or control the growth of 
hygienically undesirable micro-organisms. w 

2. Use of bacteriophages to prevent or control the 
growth of hygienically undesirable bacteria. 

3. Composition for hygiene purposes to combat 
undesirable micro-organisms, comprising, in a 
compatible medium which contains at least an or- 15 
ganic surface-active agent, an effective amount of 

one or more viruses which are capable of lysing 
one oe more of the undesirable micro-organisms. 

4. Composition according to Claim 3 to combat 
bacteria, wherein the virus is a bacteriophage. 20 

5. Composition according to Claim 4, comprising in 
an aqueous medium: 

0.001 to 15.0%, preferably 0.01 to 5.0% by weight 
of a nonionic surfactant; 

0.01 to 2.0% by weight of a neutral salt; and 25 
more than 10 2 particles/ml of a bacteriophage ca- 
pable of lysing household bacteria. 

6. Composition according to Claim 5, further com- 
prising 0.1-2.0% by weight of a thickening agent 

7. Use of a composition according to Claims 3-6, 30 
as a hard surface cleaner. 

8. Composition according to Claim 4, comprising: 
5 - 50 % by weight of an oil, 

0.5- 20 % by weight of an emulsifier, and 
30 - 90 % by weight of water and more than 10 35 
particles per g of a bacteriophage capable of lysing 
Propioni bacterium acnes . 

9. Composition according to Claim 8, wherein the 
phage is capable of lysing odour producing skin 
bacteria. 40 

10. Composition according to Claim 8, wherein the 
phage is capable of lysing P. ovale and/or other 
scalp micro-organisms. 

11. Bactericidal composition according to Claim 4, 
comprising an abrasive substance, a binder and 45 
more than 10 2 particles per g of a bacteriophage 
capable of lysing one or more of the types of 
bacteria involved in caries or gum disease. 

12. Composition according to Claim 10, wherein 

the phage is capable of lysing S. mutans , Bac- so 
teroides gingivalis and/or Haemophilius ac- 
tinomycetemcomitans . 

13. Composition according to Claim 3 for use in 
therapy. 

ss 
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